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Abstract. — Vestimentiferan tube worms were found forming clumps in 82- 
110 m in Kagoshima Bay, southern Japan, during a series of surveys exploring 
the biological community associated with shallow hydrothermal vents in 1993. 

The newly found tube worm is described here as Lamellibrachia satsuma, a 
new species. It differs from other congeneric species in having a short vesti- 
mentum, a short obturaculum, up to 4 pairs of lamellar sheaths and up to 19 
pairs of branchial lamellar sheaths. About 20 living worms were maintained in 
a laboratory for more than 400 days. Release of eggs from the opening of the 
tube was observed at the beginning of the maintenance experiment. Trocho- 
phore-like larvae were also examined and photographed. 



Kagoshima Bay is characterized by two 
gigantic calderas, the Aira and the Ata, 
which form the northern and the southern 
areas of the bay, respectively. The northern 
bay-head area is about 18 km long and 20 
km wide and is separated from the southern 
area by an active volcano, Mt. Sakurajima, 
but connected by a shallow and narrow 
strait (40 m deep and 2 km wide). The erup- 
tion forming the Aira Caldera that is the 
present bay-head area is thought to have oc- 
curred about 22,000 years ago (Aramaki & 
Ui 1966). In the east part of the head area, 
two hydrothermal vent sites at depths of 
about 80 m and 200 m are recognized by 
the appearance of gas bubbles that reach the 
surface and are called “Tagiri” by local 
fishermen (Oki & Hayasaka 1978). The 
word “Tagiri” originates from a Japanese 
word meaning ‘boil and bubble’. Although 
“Tagiri” sites are quite shallow when com- 
pared with other hydrothermal vents, the 
chemical characteristics of these sites are 
believed to be the same or close to those of 
hydrothermal vents where associated bio- 
logical communities are found. In 1993, 



during a series of surveys exploring the 
community associated with submarine fu- 
maroles in Kagoshima Bay, we discovered 
a world of vestimentiferan worms forming 
clumps at depths of 82-1 10 m and collected 
a batch of living worms by means of a 
small dredge attached to a deep towed cam- 
era system (Hashimoto et al. 1993). 

The first vestimentiferan species, Lamel- 
librachia barhami, was described as a 
unique pogonophoran worm from the 
Northeast Pacific at a depth of 1125 m 
(Webb 1969). In a study of L. luymesi col- 
lected at 500 m depth off Guyana, the class 
Vestimentifera was placed in the phylum 
Annelida (van der Land & Nprrevang 
1975). Jones (1985) proposed, however, a 
new phylum, Vestimentifera, for the vesti- 
mentiferan tube worms in working on 
above species and various other species 
from deep-sea vents and seeps. Mane-Gar- 
zon & Montero (1985) also proposed a sep- 
arate phylum under the name Mesoneuro- 
phora with the description of a new species 
of Lamellibrachia. Describing two new 
vestimentiferan species. Southward (1991) 
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reclassified the vestimentiferan worms as a 
subclass of the class Pogonophora within 
the phylum Annelida. The affiliation of ves- 
timentiferans to Annelida is also suggested 
by the hemoglobin structure (Suzuki et al. 
1989) and by the amino acid sequence of 
Elongation Factor- la (Kojima et al. 1993), 
the analysis of 28S ribosomal DNA dem- 
onstrated that the Vestimentifera form a 
monophyletic group to the exclusion of the 
polychaete Melinna and the periviate po- 
gonophore Siboglinum used for comparison 
(Williams et al. 1993). Rouse & Fauchald 
(1995) recently proposed that the name Ar- 
ticulata be used to include the Vestimenti- 
fera and Pogonophora as well as the Clite- 
lata, the Polychaeta, and the Euarthropoda 
and Onychophora. In this study, we follow 
the classification proposed by Southward 
(1991) and place the vestimentiferan worms 
in the phylum Annelida. 

To date, eight genera and 13 species of 
vestimentiferans have been described from 
hydrothermal vents, cold seeps, and other 
deep-sea bottoms (Jones 1985, Southward 
1991, Southward & Galkin 1997). Two of 
them were amalgamated into a single spe- 
cies on the basis of careful examination of 
morphology and allozymes (Southward et 
al. 1995). Vestimentiferans are known from 
depths of 300-3270 m, in the eastern Pa- 
cific and the Gulf of Mexico (Jones 1985), 
the Lau Basin (Southward 1991), the Ma- 
nus Basin (Southward & Galkin 1997), off 
Guyana (van der Land & Nprrevang 1975), 
off Uruguay (Mane-Garzon & Montero 
1986), and from the eastern Atlantic (Dan- 
do et al. 1992). Around Japan, several types 
of vestimentiferans have been also ob- 
served by manned or unmanned deep-sea 
submersibles and captured from deep-sea 
chemosynthetic communities in Sagami 
Bay (Hashimoto et al. 1989) and the mid- 
Okinawa Trough (Hashimoto et al. 1995) 
between depths of 690—1370 m in tectoni- 
cally active zones. The vestimentiferans in 
Kagoshima Bay represent the shallowest 
occurrence of the group in the world. Re- 
cently, partial nucleotide sequences of mi- 



tochondrial DNA were analyzed from sev- 
eral local populations of Japanese vestimen- 
tiferans (Kojima et al. 1995). This analysis 
suggested the presence of more than one 
genetically distinguishable populations of 
Lamellibrachia species-complex around Ja- 
pan. The authors also suggested that the 
populations differed in their vertical distri- 
bution. In this study, a shallow water spe- 
cies from Kagoshima Bay is described. 

Material and Methods 

More than a hundred vestimentiferan 
specimens were collected by a small dredge 
40 cm wide X 10 cm high X 50 cm deep, 
attached about 1 m beneath the bottom of 
a deep towed color television camera sys- 
tem operated by R/V Kaiyo, in the northern 
semi-closed area of Kagoshima Bay in Feb- 
ruary, 1993. Other additional specimens 
were collected by an unmanned deep-sea 
research vehicle Dolphin 3K seven months 
later, at the same site. 

Specimens for taxonomic study were 
fixed in 10% formalin and transferred to 
70% ethanol. Some dozens of worms were 
dissected from their tubes on the vessel and 
the remainder were kept intact. Specimens 
for chemical analysis were frozen at — 80°C, 
a part of which were used in this study to 
calculate the dry/wet weight ratio of the 
soft body. Living worms were washed very 
carefully by using a brush to eliminate sed- 
iments and to examine newly settled larvae 
that might attach on the adult tubes. Every 
ten to twenty cleaned specimens were trans- 
ferred into a 10-liter bottle and kept in the 
refrigerator of the research vessel at about 
5°C. The living animals were transported to 
the laboratory of the Faculty of Fisheries at 
Kagoshima University within a week after 
the sampling. The worms were maintained 
in a glass tank 30 cm wide X 18 cm long 
X 24 cm deep filled with 10 1 of filtered 
seawater (Millipore 1.2 (xm filter). The tank 
was maintained at 16°C in an incubator be- 
cause the temperature of the bottom sea- 
water at the collecting site is constant 
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throughout the year at about this value. The 
water was changed for every 7-14 days to 
maintain a salinity of about 34 parts per 
thousand and a pH value of about 8.2, even 
though this last value altered by the addi- 
tion of sodium sulfide. The worms were 
provided on average with 1.6 g of sodium 
sulfide (Na 2 S-9H 2 0) as a source of hydro- 
gen sulfide twice a day. The maximum con- 
centration of hydrogen sulfide was calcu- 
lated to be about 0.7 mM per 1 of sea water 
(not analyzed). The concentration in culture 
was, therefore, about 35 times higher than 
the concentration of hydrogen sulfide in the 
field, where only 0.02 mM per 1 was re- 
corded. 

The types are deposited in the National 
Science Museum, Tokyo (NSMT), Japan 
Marine Science and Technology Center 
(JAMSTEC), the National Museum of Nat- 
ural History, Smithsonian Institution 
(USNM), the Los Angeles County Museum 
of Natural History (LACM-AHF), the Mu- 
seum National d’Histoire Naturelle de Paris 
(MNHN), and the Australian Museum, Syd- 
ney (AM). 

Family Lamellibrachiidae Webb, 1969 
Genus Lamellibrachia Webb, 1969 

Lamellibrachia satsuma, new species 
Figs. 1-5 

Material examined. — Holotype (NSMT- 
Pc-H3), 15 paratypes (5: NSMT-Pc-P4, P5, 
P6, P7, P8; 10: USNM 175102-175111), 
Kagoshima Bay, Deep Tow Camera Obser- 
vation DT-13, 6 Feb 1993, 31°39.55'N, 
130°48.07'E, 98 m; 13 paratypes (5: 
MNHN UE798-UE802, 8: JAMSTEC Ves- 
0270-77-93), DT-15, same site, 6 Feb 1993, 
102 m; 6 paratypes (3: MNHN UE803- 
UE805, 3: JAMSTEC Ves-0278-80-93), 
Dolphin 3K Dive 154, 12 Sep 1993, 
31°39.83'N, 130°48.97'E, 101 m; 40 para- 
types (10: USNM 175092-175101; 10: 
LACM-AHF POLY 1873-POLY 1882; 10: 
AM W23599-W235608; 10: JAMSTEC 
Ves-028 1-90-93), Dolphin 3K Dive 157, 12 
Sep 1993, 31°39.80'N, 130°48.05'E, 122 m; 



7 paratypes (JAMSTEC Ves-029 1-97-93), 
Dolphin 3K Dive 164, 16 Sep 1993, 
31°39.70'N, 130°48.02'E, 110 m. 

Measurements. — Tube length 60-1000 
mm (X 317 mm, n = 71); opening width of 
top collar 2. 5-8.7 mm (X 5.6 mm, n = 78), 
bottom width of top collar 1.7-7. 2 mm ( X 
3.9 mm, n = 81), width of basal end 0.5- 
2.4 mm ( X 1.1 mm, n = 53); tube wet 
weight 0.18-4.16 g (X 1.35 g, n = 53). 
Body length 45-443 mm (X 219 mm, n = 
53); body wet weight 0.08-1.57 g (X 0.68 
g, n = 53) (dry/wet weight ratio 0.06-0.28, 
X 0.23, n = 37, measured differently using 
materials for chemical analysis). Obturacu- 
lar length 1 .8-9.8 mm (X 5.2 mm, n = 64); 
obturacular width 1.0-5. 6 mm (X 4.1 mm, 
n = 53). Vestimental length 7.2-24.0 mm 
(X 17.2 mm, n = 64). Vestimental length/ 
Obturacular length ratio 2. 1-8.3 (X 3.5, n 
= 64); Vestimental length/obturacular 
width ratio 23-9.1 (X 4.5, n = 53). Obtur- 
acular lamellar sheaths 0-4 pairs (X 2.77, 
n = 57). Sex ratio 1.39:1 (32 males: 23 fe- 
males). 

Description. — Anterior face of obtura- 
culum of adult bare, lacking secreted struc- 
tures (Figs, la, b, 2a); with up to 19 pairs 
of branchial lamellae (Figs, la, b, 2a, b); 
each lamella formed by a single series of 
fused branchial filaments with pinnules; 
branchial lamellae hidden by up to four 
pairs of peripheral lamellar sheaths (Figs, 
la, b, 2a, b); sheaths composed of fused 
fine filaments, with only extreme distal tips 
of filaments free (Figs, la, b, 2a, b); obtur- 
aculum lenticular in transverse section (Fig. 
2b), lacking dorsal groove, with ventral 
ridge, distally; with single, medial excreto- 
ry pore opening in groove at base of ob- 
turaculum. Anterior margin of vestimentum 
forming short sheath or collar extending 
around base of obturaculum; central dorsal 
surface of vestimentum of male (holotype) 
with paired ciliated grooves, diverging at 
anterior ends (Fig. la); postero-ventral mar- 
gin of vestimentum broadly incised (Fig. 
la, b); ventral surface with numerous small 
papillae topped by cuticular plaques 35-63 
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Fig. 1. Lamellibrachia satsuma, new species. — Holotype. a. Anterior end, in dorsal view; b. Same, in ventral 
view. Body fixed after removed from the tube. Scale = 3 mm. 



|xm in diameter. Trophosome very long, 
with numerous small papillae topped by cu- 
ticular plaques 51-82 fxm in diameter. Op- 
isthosome of selected specimen with 33 
segments (Fig. 3a-c), anterior 27 with a sin- 
gle row of setae (Fig. 3b, d-f); most setae 
with two groups of denticles, anterior group 
bearing 6—9 denticles, posterior group with 
10—15 denticles in 3—4 rows (Fig. 3e— f). 
Tube with obvious growth collars and ir- 
regularly placed light and dark bands (Figs. 
2a, 4). Anterior parts of tubes more straight 
than posterior in large specimens; posterior 
parts coiled in general. Tubes tangled to- 
gether in tight clusters, making large hemi- 



spherical clumps on thick sediments; 
clumps sometimes more than 10 m in di- 
ameter. 

Etymology . — The specific epithet satsu- 
ma, a noun in apposition, refers to the old 
province on Kyushu island. Japanese name 
of the species, “satsuma-haorimushi” is 
also composed of the provincial name and 
the group name of vestimentiferan worms. 

Remarks . — Among the five described 
species of the genus Lamellibrachia, L. sat- 
suma and L. barhami Webb, 1969 differ 
from the other three by the number of pe- 
ripheral lamellar sheaths, i.e. up to four 
pairs in the first two species, six pairs in L. 
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Fig. 2. Lab-reared specimens and embryos of Lamellibrachia satsuma. — a. Anterior end with the obtura- 
culum, branchiae and the lamellar sheaths extending from the tube, scale = 3 mm; b. Transverse section near 
base of obturaculum, scale = 1 mm; c, Regenerated posterior ends of tubes attached to the glass bottle surface, 
scale = 10 mm; d, Released egg, scale = 0.1 mm; e, Trochophore-like larva about two- weeks old, in anterior 
view (upper hemisphere), scale = 0.1 mm; f. Same, in latero-posterior view (lower hemisphere with telotroch- 
like ciliated area), scale = 0.1 mm. 



luymesi van der Land & N0rrevang, 1975, 
seven pairs in L. victori Mane-Garzon & 
Montero, 1985, and 8-16 pairs in L. col- 
umna Southward, 1991. In L. satsuma, 
more than half of examined specimens has 



three to four pairs of lamellar sheaths, but 
only one or two pairs are large enough to 
cover the branchial region in most case. 
One very small specimens considered as a 
juvenile of L. satsuma has no lamellar 
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Fig. 3. Lamellibrachia satsuma , new species. — a, Regenerated opisthosome from a lab-reared specimen; b. 
Anterior portion of the same enlarged; c. Posterior portion of the same enlarged; d, Portion of opisthosome with 
a single row of setae; e, and f. Setae. Scale bars = 0.1 mm for a-c and 0.002 mm for d-f. 
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Fig. 4. Lamellibrachia satsuma, new species. — Anterior portion of tubes of selected paratypes. 



sheaths. Lamellibrachia satsuma has up to 
19 pairs of branchial lamellae; this number 
is smaller than in L. barhami which has as 
many as 25 pairs of branchial lamellae 
(Webb 1969; Jones 1985). The ratio of ob- 
turacular length to width ovewrlaps in these 
two species, but more variable in L. bar- 
hami (Fig. 5). Lamellibrachia satsuma is 
slightly smaller in size and has a shorter 
vestimentum and obturaculum (Fig. 5). 

The diameter of cuticular plaques on the 
vestimentum and the trophosome are mea- 
sured for L. columna (vestimental plaques 
65-90 pm, trunk plaques 70-120 pm) and 
for L. barhami (60—115 pm, 115—160 pm, 
respectively) by Southward (1991, also her 
personal communication). These plaques 
are smaller in L. satsuma (35—63 pm, 51 — 
82 pm, respectively) than the above two 
species. 

The tube form is slightly different in L. 
barhami and L. satsuma. The tubes are 



twisted throughout the length in L. bar- 
hami, whereas the anterior parts of tubes are 
relatively straight in L. satsuma. Lamelli- 
brachia satsuma forms very crowded 
clumps on the sediment and the tubes ap- 
pear to be apart from one another in grow- 
ing straightly (Fig. 2 in Hashimoto et al. 
1993). These two species differ from each 
other also in their vertical and ecological 
distribution, i.e. L. satsuma lives in volca- 
nic vents at depths of 98-1 10 m and per- 
haps also in cold seep sites of about 300 m 
depth, whereas L. barhami is presently 
known only in cold seep sites at depths of 
1100-2000 m. 

Observation of living worms in labora- 
tory . — The worms extended the anterior 
part of their body from the tube, exposing 
the obturaculum and the lamellar sheaths 
(Fig. 2a). The anterior end was extended 
whether light was on or off, even when the 
strobe light was flashed. However, the 
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Fig. 5. Relationship between obturacular length 
and vestimental length (lower) and between obtura- 
cular length/width ratio and vestimental length (upper) 
in Lamellibrachia satsuma (closed circle, present 
study) and L. barhami (closed square, data from Jones 
1985). 



worms were very sensitive to vibration and 
withdraw into the tube when the tank was 
shaken. Retraction was very quick. 

Among 43 living specimens maintained 
in the laboratory tank, six died in the first 
75 days. Some of the remaining specimens 
were occasionally removed and dissected to 
check their condition. About 20 specimens 
were maintained alive for more than 400 
days. 

During the maintenance experiment in 
the laboratory, the worms regenerated their 
damaged posterior ends. Regenerated opis- 
thosomes were observed at least two 
months after capture. The posterior ends of 
tubes were repaired and elongated to attach 



to a glass bottle which was used as a sinker 
for a bundle of worm tubes (Fig. 2c). Elon- 
gation of the anterior ends of tubes was not 
observed. 

Spawning . — Some bottles of specimens 
were kept in the refrigerator of the research 
vessel at about 5°C for less than 6 days after 
their capture before transfer to the rearing 
tank. In a bottle containing about ten spec- 
imens, one released eggs from its tube 
opening when it was transferred to a tank 
filled with seawater at about 15°C (room 
temperature). The newly released eggs were 
photographed (Fig. 2d) and recorded on 
videotape. The eggs ranged in diameter 
from 0.10-0.11 mm (X 0.102, n = 11). The 
eggs were neutrally buoyant in seawater 
and formed a cloud-like mass drifting in the 
water, but most eggs transferred to a shal- 
low petri dish floated at the surface. Cleav- 
age of these eggs did not occur in the next 
five days. Observation was then abandoned. 

Larvae . — In another bottle kept in the re- 
frigerator, developing embryos were found 
five days after collection. Most of them 
were in a swimming, blastula-like stage. 
These embryos were kept in a small dish at 
room temperature ranging from 14.0 to 15.5 
°C. Most of the embryos developed into 
trochophore-like larvae (Fig. 2e, f) 0.10 
mm in diameter and 0.12-0.13 mm in 
length (n = 7). The larva had a well-ciliated 
anterior hemisphere with a prototroch-like 
ciliated band (Fig. 2e). A telotroch-like cil- 
iated area was also well developed (Fig. 2f). 
A dark mass observed inside the larva (Fig. 
2f) was thought to be comparable with the 
primitive gut of the early polychaete troch- 
ophore, but no blastopore or proctodaeum 
were observed. The gut-like structure of the 
larva was completely closed. No larvae had 
settled after two weeks of observation, 
when most larvae became inactive. 

Discussion 

Kojima et al. (1995) recognized three ge- 
netic types of Lamellibrachia in the waters 
around Japan by differences in the amino 
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acid sequences of the mitochondrial cyto- 
chrome c oxidase I. Some Lamellibrachia 
specimens collected from Kagoshima Bay 
(82—1 10 m) and those from the Kanasunose 
Bank of the Nankai Trough (300 m) cluster 
into one of their types, living shallower 
than 300 m, which is the species described 
here as L. satsuma. This is thought to be 
distributed widely on the Southwest coast 
of Japan in less than 300 m deep. Judging 
by our preliminary examination of a single 
specimen from Sagami Bay, another types 
of Lamellibrachia from deeper sites (Koji- 
ma et al. 1995) is probably distinguishable 
from L. satsuma in morphological charac- 
ters such as the body size, tube form, and 
the number of lamellar sheaths. 

As shown in our maintenance experi- 
ment, it is not difficult to keep the mouth- 
less worms alive if a suitable chemical en- 
ergy source such as hydrogen sulfide is sup- 
plied. The expanded, blood-red branchiae 
forming flower-like fans at the top of the 
tubes may also serve to take up oxygen and 
carbon dioxide from the water. On the other 
hand, the source of nitrogen required for 
their growth or maturation is not yet iden- 
tified. Since no growth except for some re- 
generation of posterior parts was observed 
in reared specimens, a suitable source of ni- 
trogen such as nitrate or dissolved amino 
acid might have been scarce in the labora- 
tory conditions. 

Young et al. (1996) reported observations 
on the development of two vestimentiferans 
Lamellibrachia sp. and Escarpia sp. in the 
Gulf of Mexico. Lamellibrachia satsuma 
has eggs as large as those of the former but 
some differences can be seen. The larva of 
L. satsuma has a teminal telotroch-like cil- 
iated area and an internal gut-like dark mass 
of cells, which were not found in the two 
species reported by Young et al. (1996). It 
is not yet clear if these differences are spe- 
cies-specific or not. Our study on the early 
development of L. satsuma is not yet com- 
pleted and more details will be published 
elsewhere. The length of the planktonic lar- 
val life of L. satsuma suggested by the 



slightly buoyant eggs and a trochophore- 
like larva able to swim for more than two 
weeks is enough to explain their distribu- 
tion in several sites along the Southwest 
coast of Japan washed by the strong Ku- 
roshio Current. The Kagoshima Bay popu- 
lation of L. satsuma might have been 
formed originally by pioneer larvae re- 
leased from a neighboring population out- 
side the bay. The larvae might have settled 
at the active volcanic vents which are 
thought to have been more numerous and 
active in the bay during its formative period 
than at present. The northern part of the bay 
has been almost closed by the formation of 
Mt. Sakurajima during 13,000 years (Ara- 
maki & Ui 1966), since the postulated col- 
onization by the pioneer worms. 
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